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Background: For adult patients on prolonged mechanical ventilation (PMV, 21 days), success-
ful weaning has been attributed to various factors. The purpose of this study was to describe
patient outcomes, weaning rates and factors in successful weaning at a hospital-based respi-
ratory care center (RCC) in Taiwan.
Methods and results: This was a retrospective observational study performed in a 24-bed RCC
over six years. A total of 1307 patients on PMV were included in the study. The overall survival
rate was 62%. Fifty-six percent of patients were successfully weaned. Unsuccessfully weaned
patients had higher MICU transfer rates, higher Acute Physiology and Chronic Health Evaluation
II scores, longer duration of RCC stay, higher rates of being bed-ridden prior to admission,
increased hemodialysis rates, higher modified Glasgow Coma Scale scores, higher rapid shallow
breathing index, lower inspiratory pressure at residual volume (PImax) and lower blood urea
nitrogen (BUN) and creatinine levels. Factors found to be associated with unsuccessful weaning
were length of RCC stay (ORZ 1.04, P< 0.001), modified GCS score (ORZ 0.93, P< 0.046), PI-
max (ORZ 0.97, P< 0.001), serum albumin concentration (ORZ 0.62, P< 0.023) and BUN
level (ORZ 1.01, P< 0.002).
Conclusion: High rates of ventilator independence can be achieved in an RCC setting as an
alternative to ICU care. Factors associated with unsuccessful weaning included longer duration
of RCC stay, elevated BUN levels and lower modified GCS scores, serum albumin and PImax
levels.
ª 2009 Elsevier Ltd. All rights reserved.3281200x2281; fax: þ886 33287787.
mh.org.tw (Y.-H. Tsai).
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Prolonged mechanical ventilation (PMV) is defined as the
need for mechanical ventilation for in excess of 21 days and
for 6 or more hours per day.1 The number of intensive care
unit (ICU) patients requiring PMV ranges from 3 to 10%, with
these patients accounting for an estimated 37e40% of ICU
resources.2e6 The number of patients requiring PMV has
increased, and indeed is projected to increase further.7 As
a result of this, lower level specialized care facilities have
been developed to manage ventilator weaning of these
patients at a reduced cost. Current weaning success rates
average around 50%.2,4,6,8,9 Successful weaning has been
attributed to a number of factors including age, the pres-
ence or absence of comorbid conditions, nutritional status,
muscle strength and lung mechanics.2,10,11
In Taiwan, the National Health Insurance Bureau (NHIB)
established a policy of gradual care reduction for these
patients with transfer to a Respiratory Care Center (RCC)
after 21 days in the ICU and then to a Respiratory Care Ward
(RCW) after 42 days in the RCC. The RCC at Chang Gung
Memorial Hospital (CGMH) is a hospital-based RCC and was
the first major RCC established in Asia. The purpose of RCC
facilities is to manage patients who require specialized
respiratory care, but no longer need ICU monitoring, and
thereby improve the implementation of specialized care
and reduce wastage of medical resources. There have been
few clinical studies performed to evaluate weaning
predictors in patients on PMV in an RCC setting. Here we
report our experience over a 6-year period with regards to
successful weaning rates and factors influencing successful
weaning in an RCC.
Methods
This study was approved by the Institutional Review Board
of CGMH.
Setting
The facility was a 24-bed RCC within a 3800-bed tertiary
medical center containing 350 ICU beds. Nurse to patient
ratios in the RCC were 1:3 and respiratory therapist to
patient ratios were 1:8. Pulmonary and critical care medi-
cine specialists served as primary physicians for all patients
with in-hospital night coverage provided by fellows.
Consultation services were available for most medical and
surgical specialties. Discharge planning was managed by
nurse and social work case managers. Hemodialysis was
available as needed.
Patients
All patients transferred to the RCC between November 1999
and December 2005 were identified and eligible for inclu-
sion in this study. Patients with respiratory failure were
included if MV lasted longer than 3 weeks in the ICU and
previous weaning attempts had failed. Eligibility criteria as
per NHIB requirements included: hemodynamic stability
with no vasoactive drug infusions for at least 24 h prior to
transfer; fraction of inspired oxygen (FiO2) 40%; positiveend-expiratory pressure (PEEP) <10 cmH2O; no acute
hepatic or renal failure; no surgical intervention within 2
weeks of transfer; or the attending pulmonary physician’s
judgment that the patient would benefit from being
transferred to the RCC. Admission decisions were not
strictly based on diagnosis, route of MV, prognosis, weaning
or rehabilitation potential. Any patient with hemodynamic
instability or multiple organ failure was transferred back to
the appropriate ICU. Terminal cancer patients were
excluded. Although some patients had more than one RCC
admission during a hospital stay, for statistical purposes
only the first admission was used for analysis.
Patients from CGMH ICUs accounted for 97% of study
participants, with the remainder comprising transfers from
other hospitals.
Weaning process
The unit provided all forms of ventilatory support including
invasive and non-invasive nose/face mask positive pressure
facilitations. Our approach to weaning was dependent on
extensive use of non-invasive MV as a bridge to spontaneous
breathing, coupled with techniques to clear respiratory
secretions.12
All patients met the following criteria before weaning
was attempted: no evidence of hemodynamic instability;
no inotropic agent use; systolic blood pressure
>100 mmHg; heart rate <130 and >50 bpm; body
temperature <38 C; fraction of inspired oxygen <40%;
PEEP &8. A therapist-implemented weaning protocol was
then commenced. The protocol was comprised of 16 steps,
where patients progressed one step every 12 h from full
ventilatory support to 24 h of spontaneous, unassisted
breathing.
Ventilatory support was gradually reduced to ‘‘half-
ventilatory-support’’ by first reducing the level of
synchronized intermittent mandatory ventilation (SIMV)
and then reducing the level of pressure-support ventilation
(PSV). Following this, self-breathing trials (SBT) were
implemented in tracheostomized patients using a Venturi
tracheostomy mask. The duration of these trials was grad-
ually increased (beginning at 2 h and finishing at 24 h),
between which PSV (level 6) was reapplied. Patients were
liberated from ventilatory support after the 24 h SBT.
Translaryngeal intubated patients were extubated after
a 2 h T-piece trial (following the aforementioned reductions
in SIMV and PSV) during which there were no indicators of
weaning failure.
Two acceleration steps were incorporated into the
protocol. A patient could progress faster than one step
every 12-hour interval if1: the level of SIMV was maximally
reduced in one step and PSV breaths were adequate in
volume or2 any SBT was well tolerated (in which case SBTs
were extended through the duration of the next step).
Measurements
Patient characteristics
Medical records were retrospectively reviewed. Recorded
data included demographics, previous ICU type, reason for
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preceding RCC admission and total MV days. Acute Physi-
ology and Chronic Health Evaluation II (APACHE II) scores,
serum albumin, blood urea nitrogen (BUN) and blood gas
data were assessed within 24 h of admission. Highest
modified Glasgow Coma Scale (GCS; verbal scoreZ 1)
scores were also determined at this time. Rapid shallow
breathing index, arterial oxygen pressure/fraction of
inspired oxygen (PaO2/FiO2) and maximum inspiratory
pressure at residual volume (PImax) measures were
assessed during spontaneous breathing.
Classifications and definitions
The reasons for PMV were classified according to the
following six categories12: 1) acute lung injury (pneumonia,
acute respiratory distress syndrome, aspiration and chest
trauma); 2) chronic lung injury (COPD); 3) postoperative
condition (coronary artery bypass grafting, abdominal
surgery and lobectomy); 4) cardiac disease (acute
myocardial infarction and congestive heart failure); 5)
neurological disease (neuromuscular disease, cerebrovas-
cular accident, cervical spine injuries and acquired critical
neuromyopathy) and 6) miscellaneous causes. Classification
was based on the reason why the patient could not wean
rather than the reason for MV initiation. Patients and
families were surveyed by the case managers at the time of
admission and questioned about prior patient capabilities.
Survey questions were designed to assess past physical
capabilities, ability to manage daily activities, previous
living arrangements and functional independence.
Definition of outcomes
We recorded the number of patients successfully weaned
and the length of time required between initiation of
weaning attempt and becoming ventilator independent.
There was no set time limit for MV or weaning attempts.
‘‘Ventilator independence’’ was defined as patient inde-
pendence from MV for 7 consecutive days and nights, in
keeping with the NAMDRC consensus statement regarding
the management of patients requiring prolonged mechan-
ical ventilation.1 ‘‘Ventilator dependence’’ (including
nocturnal MV) was defined as discontinuation of weaning
efforts after the interdisciplinary team and the patient/
family agreed that these efforts should cease. Ventilator
dependent patients were transferred to the RCW.
Successful weaned patients were those who were ventilator
independence. Unsuccessful weaned patients were
a combination of those who died and those who were
ventilator dependent.
Statistical analysis
Continuous data are expressed as mean standard devia-
tion (SD), while categorical data are expressed as frequen-
cies and percentage. Demographic and clinical
characteristics were compared using Student t-test or Chi-
Square test. Univariate logistic regression analysis was
performed to determine the factors associated with unsuc-
cessful weaning. Multivariate stepwise logistic regressionanalysis was performed to determine the factors predictive
of unsuccessful weaning, while controlling for confounding
factors. A model to predict unsuccessful weaning was then
constructed using these factors. Model validation was per-
formed by determining the receiver operating characteristic
curve (ROC). Data were analyzed using SAS 9.0 statistical
software (SAS Institute Inc., Cary, NC) and a P value <0.05
was considered statistically significant.
Results
During the study period, there were 1469 patients eligible
for inclusion. After excluding terminal cancer patients and
those transferred back to ICUs and not readmitted, 1307
patients were included in this study. Of these, 300 (23%)
died and 736 (56.3%) became ventilator independent and
were discharged. However, 111 patients that were
successfully weaned died before discharge. Hence the
overall mortality was 38.1%. The remaining 271 patients
(20.7%) were ventilator dependent. Of these, 17 were dis-
charged to home ventilation, while the remaining 252
patients were transferred to an RCW (Fig. 1). We consid-
ered all patients who were successfully weaned as positive
outcomes, including those who ultimately died.
Patient characteristics, demographics, laboratory data,
physiological and clinical variables are shown in Table 1.
Patients were grouped with respect to weaning status
(successful or unsuccessful) and comparisons were made.
The sum of comorbidities was the percentage of patients in
each group with the following: COPD, cardiac disease,
diabetes mellitus, cerebral vascular or neuromuscular
disease, end-stage renal disease, malignancy or autoim-
mune disease and liver cirrhosis Child class BeC.13 Unsuc-
cessfully weaned patients had significantly lower modified
GCS scores (P< 0.001) and lower PImax levels (P< 0.001)
compared to successfully weaned patients. The following
were all significantly higher in the unsuccessfully weaned
group: creatinine levels, RSBI, BUN levels, length of RCC
length of stay, transfer rate from MICU and APACHE II scores
(P< 0.001 except for APACHE II where PZ 0.019). These
patients also had significantly higher rates of being bed-
ridden prior to hospitalization (PZ 0.011) and hemodialysis
(PZ 0.001).
Table 2 summarizes the original conditions necessi-
tating the initiation of PMV with respect to ultimate
weaning status (successful or unsuccessful). There was
a significant overall difference between the groups before
RCC transfer (PZ 0.002). Specifically, there were signifi-
cantly higher percentages of patients in whom the cause
of PMV was cardiac disease or postoperative in the
successfully weaned group of patients (P< 0.05 for both).
Conversely, the percentage of patients in whom cardiac
disease was the cause of PMV was significantly higher in
the unsuccessfully weaned group (PZ 0.018). The inci-
dences of unsuccessful weaning ranged between 36.8%
and 51.9% for most diagnostic groups; however, the
cardiac disease group had a much higher rate of unsuc-
cessful weaning (51.9%). Patients classified as having
miscellaneous conditions also had a higher unsuccessful
weaning rate (48.7%).
The results of univariate logistic regression analysis are
shown in Table 3. Referral from MICU, APACHE II scores,
Figure 1 Distribution and outcomes of the RCC study patient cohort.
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prior to hospitalization, requirement of hemodialysis,
modified GCS score, PaO2/FiO2, PImax, albumin concen-
tration and BUN and creatinine levels was found to be
factors significantly associated with unsuccessful weaning
(P< 0.05 for all).
The results of the multivariate stepwise logistic regres-
sion analysis are presented in Table 4. Variables with
significant differences between outcome groups were
chosen. After controlling for confounding factors, length of
RCC stay, APACHE II score, PImax, albumin concentration
and BUN were found to be significant positive predictors of
unsuccessful weaning (P< 0.05 for all).
From this information we constructed the following
formula for predicting unsuccessful weaning:log

probability of unsuccessful weaning
ð1 probability of unsuccessful weaningÞ

Z
0:960þ ð0:040  RCC length of stayÞ þ ð0:060)APACHE IIÞ
ð0:034)PImaxÞ  ð0:475)AlbuminÞ þ ð0:009)BUNÞ
The predictive value of this model for unsuccessful
weaning was tested by receiver operating characteristic
(ROC) curve. The area under the ROC curve was 0.810.Discussion
In this study we found that an RCC setting offered appro-
priately selected patients a good rate of weaning success
from PMV. Further to this, we determined that a number of
factors including length of RCC stay, modified GCS score,
APACHE II score, PImax, albumin concentrations and BUN
were significant predictors of successful weaning. A math-
ematical model for predicting unsuccessful weaning was
created incorporating these factors.
Though the length of time spent in the ICU (which
averaged 30 days) was not a significant predictor of
successful weaning, the length of time spent in the RCC
was. We found that patients for whom weaning was
unsuccessful spent an average of 17 more days in the RCC.These findings are similar to those of Scheinhorn et al. and
Su et al.5,14 In contrast to our finding, however, these
researchers found that unsuccessfully weaned patients also
Table 1 Characteristics of patients who were successfully vs. unsuccessfully weaned from prolonged mechanical ventilation
(nZ 1307).
Characteristic All patients (nZ 1307) Successful (nZ 736) Unsuccessfula (nZ 571) P value
Age (years) 73.2 15.3 72.5 15.4 74.0 15.2 0.081
Male 708 (54.2) 409 (55.6) 299 (52.5) 0.263
Transfer from MICU 925 (70.8) 501 (68.1) 424 (74.3) 0.016*
Number tracheostomy 996 (76.2) 552 (75) 444 (77.8) 0.266
APACHE II 18.9 5.7 17.8 5.4 20.3 5.7 <0.001*
ICU length of stay (days) 31.1 15.8 30.3 16.0 32.1 15.9 0.042*
RCC length of stay (days) 27.76 23.40 20.6 15.8 37.0 28.0 <0.001*
Bed-ridden prior to admission 313 (24.0) 157 (21.4) 156 (27.5) 0.011*
Sum of chronic comorbidities 0.25 0.51 0.25 0.51 0.25 0.51 0.753
Required hemodialysis 97 (7.4) 39 (5.3) 58 (10.2) 0.001*
Modified GCS 8.74 2.75 9.10 2.5 8.26 3.0 <0.001*
RSBI 149.7 97.7 146.4 91.4 154.5 106.2 0.262
PImax 29.8 12.1 31.4 12.8 27.2 10.4 <0.001*
PaO2/FiO2 271.0 97.3 276.7 98.3 263.4 95.5 0.036*
Albumin 2.7 0.5 2.8 0.5 2.6 0.5 <0.001*
BUN 41.2 37.0 34.0 30.0 50.7 42.8 <0.001*
Creatinine 1.5 1.4 1.3 1.3 1.7 1.4 <0.001*
Continuous data expressed as mean SD, and categorical data expressed as number (%). *Indicates a statistically significant between
group difference (P< 0.05).
a The unsuccessful weaning group included patients who died and those who were ventilator dependent.
Table 3 Summary of univariate analysis revealing the
possible factors associated with unsuccessful weaninga from
prolonged mechanical ventilation.
Factor OR 95% CI P value
Age 1.006 0.999e1.014 0.081
Male 0.882 0.708e1.099 0.263
Referral from MICU 1.353 1061e1.726 0.015*
Number tracheostomy (%) 0.858 0.663e1.111 0.246
APACHE II 1.086 1.062e1.109 <0.001*
ICU length of
stay (per day)
1.007 1.000e1.014 0.044*
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disparity in length of ICU stay could be due to institutional
differences in standard practice.
We successfully weaned 56.3% of all study patients.
While 411 patients (38%) died in our cohort (this includes
those who were first weaned successfully), the overall RCC
survival rate was 62%. At another medical center in Taiwan,
Su and colleagues reported a 48.2% weaning success rate
and a 24.6% RCC mortality rate.5 Our findings are compa-
rable to these findings and those of several other stud-
ies.3,4,6,15e17 Indeed, in a study that examined post-ICU MV
at 23 long-term care facilities, Scheinhorn et al. reported
an overall weaning success rate of 52% and a survival to
discharge rate of 67%.9 MacIntyre et al. noted that weaning
success rates vary from 50% to 94% depending on the study.1Table 2 Causes of prolonged mechanical ventilation
requirement in patients who were successfully vs. unsuc-
cessfully weaned (nZ 1307).
Successful
(nZ 736)
Unsuccessfula
(nZ 571)
P value
Cause of PMV 0.002
Acute lung injury 179 (24.4) 154 (27.0) 0.305
Chronic lung injury 148 (20.1) 120 (21.0) 0.739
Postoperative 76 (10.3) 36 (6.3) 0.013*
Cardiac disease 90 (12.2) 97 (17.0) 0.018*
Neurologic disease 182 (24.7) 106 (18.6) 0.009*
Miscellaneous 61 (8.3) 58 (10.1) 0.285
Data are expressed as number (%). *Indicates a statistically
significant between group difference (P< 0.05).
a The unsuccessful weaning group included patients who died
and those who were ventilator dependent.
RCC length of
stay (per day)
1.038 1.031e1.044 <0.001*
Bed-ridden prior
to admission
1.394 1.080e1.799 0.011*
Sum of chronic
comorbidities
0.966 0.778e1.199 0.753
Requiring hemodialysis 2.025 1.328e3.086 0.001*
GCS 0.895 0.859e0.931 <0.001*
RSBI 1.001 0.999e1.002 0.249
PaO2/FiO2 0.999 0.997e1.000 0.036*
PImax 0.969 0.956e0.983 <0.001*
Albumin 0.541 0.427e0.686 <0.001*
BUN 1.014 1.010e1.017 <0.001*
Creatinine 1.207 1.110e1.312 <0.001*
Data were tested by univariate logistic regression analysis and
are presented as the odds ratio (OR) and 95% confidence
interval (CI). *Indicates a statistically significant predictor
(P< 0.05).
a The unsuccessful weaning group included patients who died
and those who were ventilator dependent.
Table 4 Summary of multivariate analysis revealing the
possible factors associated with unsuccessful weaninga from
prolonged mechanical ventilation.
Factor OR 95% CI P value
RCC length
of stay (per day)
1.041 1.031e1.051 <0.001*
APACHE II 1.062 1.020e1.105 0.003*
PImax 0.967 0.950e0.983 <0.001*
Albumin 0.622 0.412e0.939 0.024*
BUN 1.009 1.003e1.015 0.004*
Data were tested by stepwise logistic regression analysis and
are presented as the odds ratio (OR) and 95% confidence
interval (CI). *Indicates a statistically significant predictor
(P< 0.05).
a The unsuccessful weaning group included patients who died
and those who were ventilator dependent.
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presentation of the patients within each study cohort.
Modawal and coworkers previously reported that lower
BUN levels were correlated with weaning success.18 In the
current study,we found that high BUN levels were associated
with weaning failure. Elevated BUN levels may be indicative
of impaired renal function, reduced kidney blood flow and/
or excessive protein catabolism. Consistent with high BUN
levels being a risk factor, we also found that a high number of
patients requiring hemodialysis were unsuccessfully weaned
(59.8%). This finding is supported by that of Su et al, who
reported that 62.5% of patients on hemodialysis were
unsuccessfully weaned.5 Several other researchers have also
noted that renal failure combined with MV in a post-ICU
setting correlated with poor outcome.3,19 Taken together;
these findings suggest that renal function is an important
factor influencing the likelihood of successful weaning from
PMV. Further study is warranted to determine whether
specific factors influencing renal function differentially
affect weaning success/failure.
In the present study, we found that serum albumin levels
were a significant predictor of weaning success. The finding
is in agreement with several previous reports. For instance,
Esau et al. and Robert et al. found that patients with an
albumin concentration greater than 3.2 g/dL had a 12-fold
greater chance of being successfully weaned.19,20 While
Sapijaszko and colleagues noted that an increase in serum
albumin at RCC admission increased the probability of
weaning success 1.3-fold.10 Albumin can be viewed as
a proxy indicator of nutrition status. Given that a higher
percentage of unsuccessfully weaned patients ultimately
died, it is hardly surprising that these patients (in
presumably poorer condition) had lower albumin levels.
Indeed improved nutrition is significantly associated with
survival.14,20
We also determined that modified APACH II scores, GCS
and PImax were predictors of weaning failure. In agree-
ment with this finding, Meade et al. suggested that PImax
and APACHE II scores were promising indicators of weaning
success.11 The APACHE II scoring system was originally
designed for use in the ICU setting to assess severity of
disease/relative morbidity (predicted mortality can also
be calculated) and hence provide a guide for treatmentintervention. Other scoring systems, such as APACHE III
and SAPS III, have been developed to provide a more
realistic predicted mortality for particular patient groups.
In future studies, assessment of patient condition using
these scoring systems may allow for more appropriate
between group comparisons with regards to weaning
success/failure.
We did not find age to be significantly associated with
successful weaning. There is some controversy in the
current literature with regards to whether age does or does
not influence weaning from PMV. Several researchers have
reported that younger patients have a higher rate of
success,18,21 while others have found no such effect.5
Certainly our results are in agreement with those of Su
et al. It should be noted, however, that the majority of
patients in our cohort was aged in excess of 70 years.
There are several important limitations to our study.
Firstly, this was a retrospective review of all patients
transferred to a single unit over a 6-year period. The unit
was hospital-based; hence size and staff may differ from
non-hospital-based units. Secondly, data were collected
upon RCC admission. In a patient population at risk for
complications and with significant comorbidity, trending
of variables might better identify factors associated with
successful weaning. Thirdly, we did not perform a cost-
effectiveness evaluation or long-term survival follow-up,
thus hampering the comparability of our results with
previous findings. Long-term outcomes, such as 1-year
survival, may be more meaningful and helpful in
providing patients and families with realistic outcome
expectations.
In summary, we have demonstrated that high rates of
ventilator independence can be achieved in an RCC setting.
This supports the notion that RCC care is a good alternative
to ICU care for patients on PMV. Factors that influenced
weaning success included longer duration of RCC stay,
higher BUN levels, lower modified GCS scores, and lower
serum albumin PImax levels.
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